Penetrating cosmic ray showers are observed with an anticoincidence method which indicates whether or not each shower is associated with an extensive air shower. Those not associated with extensive showers (local penetrating showers) are found to show a transition effect which is mass-proportional, while the others (extensive penetrating showers) show a transition effect which is strongly Z-dependent, and is very like the Rossi transition effect of cascade showers. It is concluded that these are two completely independent types of penetrating showers, the local showers being groups of mesons produced in absorbers near the apparatus by single fast primary nucleons, and the extensive penetrating showers being large cascade showers containing penetrating particles. This separation is shown to accord well with previous observations.
I n t r o d u c t io n
In a number of investigations Janossy and his co-workers have investigated the properties of penetrating showers. Some of the penetrating showers were found to be associated with extensive air showers, and the present paper deals mainly with this connexion. A penetrating shower set P was used together with an anticoincidence counter-tray E placed near P which indicated whether or not any penetrating shower observed was associated with an extensive shower. I t is shown th a t the penetrating showers are of two types: (a) penetrating showers not associated with extensive showers (local penetrating showers), and (6) penetrating showers associated with extensive air showers (extensive penetrating showers). These two types show quite different properties and are probably completely independent of each other. The fact th at the two types of showers give rise to roughly the same rates of coincidences for the arrangements employed previously must be taken as acci dental; this circumstance gave rise, however, to much confusion in the past.
T h e e x p e r im e n t a l p r o c e d u r e
The experimental arrangement consisted of a penetrating shower set P very similar to th at used on previous occasions and described fully by Janossy (1942) and by Janossy & Rochester (1944) . The set P (figure 1) contains three trays of counters t, m, b. Each of the trays contains eight counters and each tray covers an area of 1000 cm.2. The trays t, m and b are separated by 15 cm. of lead absorbers, and the trays m and 6 shielded a t the sides by about 50 cm. of lead. The top tray t is unshielded and is split into three groups tx, t2, t3, two of these containing three counters each and the third containing only two counters. The trays m and 6 are each split into two groups of four counters, which may be denoted Sevenfold coincidences (tx, t2, t3, m x, m2, bx, b2) are recorded, and su denoted shortly as coincidences (P). I t has been shown previously th a t coincidences (P) are mainly caused by penetrating showers different from ordinary cascades or from knock-on showers.
In the present experiments a large tray E containing twelve counters in parallel was placed near to the tray t. The tray E covered 2500 cm.2, and the centres of the t and E trays were about 50 cm. apart. Both eightfold coincidences (P, E) and anticoincidences ( P -E ) were recorded. Anticoincidences ( ) were the coinciden of P not accompanied by the discharge of any of the counters E.
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F igure 1. The penetrating shower set P .
An upper limit to the rate of accidental coincidences (P, E) was obtained by measuring twofold coincidences between E and the set T h is twofold rate was about 0*5 % of the single rate of tx, and because of the high single rates of E and txabout 10,000 and 1000 counts/min. respectively-was due almost entirely to acci dental coincidences. The rate of accidental coincidences (P, E) amounted thus to not more than 0-5 % of the rate of coincidences (P). In view of the very low rate of the coincidences (P) this accidental rate could be neglected throughout the experi ments; it corresponded to a resolving time for the coincidence circuit of the order of 10-5sec.
The twelve counters E were used with a Neher-Harper circuit, and to reduce inefficiency the counters were split into four groups, each group having a separate quenching valve. The rate of spurious anticoincidences due to inefficiency was estimated to be about 1 % of the rate of genuine anticoincidences. This did not affect appreciably the rates of anticoincidences (P -E ), and no correction for it was found to be necessary.
3. T h e e x p e b im e n t a l besttlts 3*1. Anticoincidence records
Anticoincidences (
P -E ) were recorded with various absorbers T close counters t. The absorbers covered an area of 45 x 45 cm.2, and readings were taken with lead and with paraffin absorbers. Two thicknesses of paraffin, 14 and 28 cm. were used, corresponding on a mass basis to the 1 and 2 cm. thicknesses of lead. To make a strict comparison between the lead and paraffin these lead absorbers were made up of sheets about 3 mm. thick spaced to extend over the same depth as was occupied by the corresponding paraffin blocks. For reasons of geometry it did not appear useful to increase the paraffin absorbers beyond 28 cm .; for greater thicknesses lead absorbers only were used, and these thicker absorbers were made up of solid blocks.
The rates of anticoincidences {P-E) are collected in table 1 and represented graphically in figure 2 , the errors quoted, being the standard deviations. The total time of recording involved in the observations of table 1 was about 4000 hr.
I t is seen from table 1 that the rate of anticoincidences for = 0 is very small, and that the rate increases quite considerably with increasing T. The rate increases about threefold for both 22*6 g./cm.2 lead and paraffin. Saturation is only reached for large thicknesses. The rate under 10cm. of lead is about five times the zero rate. Vol. 190. A. The increase observed is statistically significant. Both the increases observed for the 11-3 g./cm.2 absorbers amount to more than three times the standard deviations.
No difference between the rates observed under equivalent thicknesses of lead or paraffin is indicated. Therefore the results suggest th at the transition effect is mass proportional.
Moreover, excluding statistical fluctuations exceeding three times the standard, it is found th at the ratio of the effects in lead and paraffin must be less than 1*8 : 1.
Thus the cross-sections for the processes can be assumed to depend on as £ 1-0 ± 0-2 I t appears likely th at the effect is actually mass proportional. This result is in good agreement with the observations of Janossy & Rochester (1944); this point is discussed further below.
I t is noted th at the relatively accurate measurement of the transition effect was only rendered possible by the use of an anticoincidence arrangement. Because of the use of anticoincidences the zero rate was much reduced, and thus the effects produced by an absorber T could be measured accurately. W ithout the use of anticoincidences the time required to measure accurately the transition effect in small thicknesses would have been prohibitively long.
The use of anticoincidences (P -E ) instead of coincidences (P) has advantages much more important than the mere reduction of the background.
Anticoincidences are recorded whenever a shower falls on P which does not discharge the tray E. Note, however, th a t the tray E is very much larger than the tray t. Furthermore, a t least three particles are needed to discharge the small tray t, while one particle is sufficient to discharge the large tray E. Thus a shower of reason ably uniform density will hardly discharge the trays tx, t2, without affecting the tray E. .It must be concluded therefore th at the anticoincidences (P -E ) are almost exclusively due to showers which are not extensive. The term local penetrating showers is introduced for the showers which discharge P but not E.
In the presence of an absorber T it is clear th a t the local penetrating showers are showers which are produced in the absorber T by primaries falling on T.
This process was discussed in detail previously, and it can be assumed safely th a t the local showers are groups of mesons produced by fast nucleons of range about 100g./cm.2.
The anticoincidences recorded with T = 0 need, h As the tray E is so very much more sensitive than the tray t it is immediately clear th a t even in the absence of T the anticoincidences ( ) must be due to local showers rather than extensive showers. The question arises as to the point of origin of these local showers. I t appears very unlikely th a t the local penetrating showers in the absence of T could be produced in the air. Because of the low density of air and the long range of the primaries these showers are unlikely to be produced very near to the apparatus, and if they are produced several metres away, they will have only a slight chance of hitting the trays t, etc., in the right places. But if some of the local showers contain sufficiently numerous particles to discharge P these showers will have a still larger chance of discharging the large tray E nearby. Therefore local showers coming from the air above will be more likely to produce coincidences E) than anticoincidences (P -E ).
I t was suggested by Dr J . G. Wilson th at the anticoincidences (P -E ) with 0 might be due to local penetrating showers produced in the lead below the tray t, the tray t being discharged by particles emitted upwards. This suggestion is much supported by the fact th at photographs of penetrating showers quite frequently show particles ejected in the backward direction.
I t is reasonable to conclude therefore th at the anticoincidences (P -E ) with 0 are due to this process, since a similar transition for ordinary cascade showers is of course well known.
3*2. Geometry of the transition effect
Observations were carried out with an absorber R (roof) 1-5 m. above the tray t. The absorber R covered an area of about 2 x 2 m.2, and it consisted of 8 cm. of lead (figure 3). c \n a 1111 n u 111 n 11 i ninnrft
Local and extensive penetrating cosmic ray showers
On the basis of the process outlined above, the local penetrating showers are expected to be affected as follows. The thickness of is of the order of the mean range of the primary nucleons, and so only about one-half or one-third of the primaries are expected to penetrate R without suffering absorption observed in the absorber T below the roof is expected to be diminished, then, by this same factor. Primary nucleons absorbed in the roof give rise, of course, to penetrating showers there, and these will contribute a large background to the transition effect unless they can be eliminated. This can be done in two ways:
(1) because of the distance between the set and the roof it is expected th a t some a t least of the showers generated in JR will be too diffuse on reaching P to be recorded, (2) even if some of the showers are dense enough to be recorded it is likely th a t these will also discharge the large tray E placed 50 cm. from P below the roof. To indicate an extensive shower falling on the arrangement a tray of counters S of 1000 cm.2 in area was placed near JR a t the same level as JR itself. Anticoincidences were recorded; these are coincidences (P) unaccompanied by discharges in either E or 8, and from what has been said above it is expected th a t these will be largely due to showers generated in T by those primaries which pass through JR without being absorbed.
The rates of anticoincidences (P-E -S) for various thicknesses of T are collected in table 2 below. For the sake of comparison we give in the last line of table 2 the rates given in table 1 for the anticoincidences without R. Note th a t the rate of anticoincidences with = 8 cm. Pb and = 0 is considerably smaller than the rate to be expected for = 8 cm. Pb and = 0. This difference demonstrates clearly the spreading out of the showers produced in the roof 1-5 m. above the apparatus.
T a b l e 2. A n t ic o in c id e n c e s (P -E -8)
The results of table 2 are expressed graphically in figure 4, the two curves being reduced to the same rate for T = 0. The increase in anticoincidence rate from = 0 to = 10 cm. Pb is observed to be smaller for R = 8 cm. Pb than for R = 0, bu amounts to only 2*7 times the standard deviation, and therefore it cannot be taken as completely significant. Unfortunately, owing to technical difficulties, the series could not be sufficiently extended to establish this difference with certainty, and accordingly it is not possible, as was hoped, to give an accurate estimate of the range of the primaries in terms of the thickness of R and the decrease in transition effect observed below it. The difference, however, if real, does correspond to a range of the order 100g./cm.2. 
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3*3. Transition effect of extensive penetrating showers
Coincidences (P, P )"are caused by extensive penetrating showers. We measured the transition effects of the extensive penetrating showers by recording the rate of coincidences (P, E) as a function of the thickness of the absorber T.
The rates of coincidences thus obtained are collected in table 3, and shown graphically in figure 5. 
I t will be seen from table 3 th a t the rate of coincidences increases with increasing lead absorber
Tu p to a certain thickness. The rate decreases again, T = 10 cm. Pb the rate is much the same as for 0. The transition effect is remin iscent of the Rossi transition effect of cascade showers. While the lead transition of the extensive showers is well established, no transition effect is observed when paraffin absorbers are used, the difference between the rates for lead and paraffin being statistically significant. Thus the transition effect of the extensive showers appears strongly Z-dependent. The transition effect of the extensive air showers can be clearly understood in terms of electron cascades. Assuming th a t the penetrating extensive showers are mainly cascades the following effects would be expected. The cascade falling on a moderately thick lead absorber will increase in density owing to the production of secondary cascades in the lead. The shower, after having increased its density, will be in a more favourable position for setting off the tray t than it was before. Therefore more extensive showers will be recorded in the presence of the lead absorber T than without such an absorber.
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I f the absorber T is too thick, say 10 cm. of Pb, then it will absorb the cascades rather than increase their density, and thus the rate of recorded coincidences is expected to decline.again for such thicknesses.
The details of the transition effect will be discussed in a following paper, bu t we make these remarks here to clarify the fact th a t the transition effect declines again after its first rise.
For T = 0 showers are recorded which contain three electrons discharging t and also give rise in the absorbers about the apparatus to penetrating particles dis-charging m and 6. For T = 2 cm. Pb each electron falling on it will give rise to a cascade, and this one electron will be sufficient to discharge t. Consequently the rate is larger with T = 2c m. Pb than with = 0. For = 10 cm. Pb the formed in T will be absorbed and all trays t, m, and b have to be discharged by penetrating particles. This causes a more stringent selection of showers than there was for T = 2c m. Pb and consequently the shower rate falls off again. In this discussion we leave open the question of the origin-of the penetrating particles which set off the trays m and 6.
Regarding the paraffin results, it may be noted th a t 28 cm. of paraffin represent a small fraction of one cascade unit, and therefore no noticeable effect of the paraffin absorber on the density of the cascade is to be expected. Thus the experimental result th a t no transition takes place in paraffin can be understood immediately.
Co m p a r iso n w it h p r e v io u s o b s e r v a t io n s
(i) Note th a t the transition effect of penetrating showers as observed with coincidences (P) only represents the superposition of two effects, namely, the transition effect of local showers and th a t of the extensive showers. Janossy & Rochester (1944) noticed th a t the transition effect of lead is better represented by the super position of two exponential functions, one corresponding to a mean free path of 1 cm. of Pb, the other to a mean free path of 4-6 cm. of Pb, than it is represented by the function of the latter component only. Our present results confirm fully this sug gestion, the two components given in 1944 agreeing well with the effects due to extensive and local showers.
(ii) Further, the discrepancy between older measurements of the Z-dependence of the transition effect may possibly be cleared up a t this stage. Observing with coincidences the transition effect should show a certain ^-dependence, the magnitude of the effect being determined by the relative sensitivity of the recorder to local and extensive showers.
The strong ^-dependence found in the earlier work (Janossy 1942) might have been due to the fact th at the t tray of the arrangement used in the 1942 experiments was much less selective to local penetrating showers than the t tray of the arrange ment used in the present experiments. Therefore the earlier arrangement was relatively more sensitive to the extensive showers, and it is conceivable th at the difference in results was due to this.
These points are emphasized in figure 6 , which shows the transition effect obtained from the coincidences ( P) only. Each curve is, of course, the sum o sponding curves of figures 2 and 5. The ^-dependence due to the admixture of extensive showers is very clearly shown.
(iii) Moreover, if the curve of Janossy & Rochester (1944) were to be corrected to eliminate the transition effect of extensive penetrating showers, the resulting curve would suggest a mean range for the primaries rather higher than that actually obtained and quoted above. This corrected range would tend to minimize the difference which these authors (1943) found in the ranges of the ionizing and non ionizing primaries (protons and neutrons) responsible for the local penetrating showers. This brings the results into better agreement with theory, which predicts equal ranges for both protons and neutrons.
(iv) Note, too, th at the experiments of the above authors (1943) upon the non ionizing primaries will be affected because of the back-emission process suggested by Dr Wilson; some non-ionizing primaries will not be observed as such owing to the backwards radiation discharging the anticoincidence counters. Accordingly, the ratio of non-ionizing to ionizing primaries may be much nearer unity than it appeared from previous work. 
Co n c l u s io n s
From the experimental data presented we conclude th a t the penetrating showers can be split into two independent groups:
(1) Local penetrating showers which are produced in absorbers near the apparatus by single primaries. These showers are most likely due to fast nucleons giving rise to groups of mesons (and probably recoil nucleons).
(2) Extensive air showers which are large cascades containing penetrating particles.
The main argument in favour of the two groups representing different types of showers is th a t the two types of showers show different transition effects. The local penetrating showers are produced a t a rate proportional to mass in different materials. The extensive showers, on the other hand, show a strong transition effect in lead but no observable effect in paraffin.
Furthermore, as will be examined in greater detail in a subsequent paper, the rate of coincidences ( P, E) is very little changed when the tray E is move distances of 9 and 0*5 m. This suggests th a t the extensive showers observed are all parts of very large showers and makes it unlikely th a t the purely local showers are due to the same process.
Finally, the local penetrating showers contain only moderate numbers of particles, while the extensive showers are spread over large areas and contain great numbers of particles. Details of the investigation of the extensive penetrating showers will be found in a subsequent paper.
The present investigation was started in collaboration with Dr G. D. Rochester, and we are greatly indebted to him for help and many discussions.
